Using modified Sehgal equations for magnetic moments of baron octet and taking into account Σ 0 − Λ mixing and corrections to independent quark contributions we obtain very good fit using experimental values for errors of magnetic moments. Due to the SU (3) structure of our equations the results depend on two parameters. We present sum rules for magnetic moments ratios and for integrated spin densities ratios which do not depend on such parameters. Using information from deep inelastic scattering and baryon β-decays we calculate antiquark polarizations and discuss its dependence on introduced parameters. For some plausible values of these parameters we show that these polarizations are small if we neglect angular momenta of quarks. Our very good fit to magnetic moments of baryon octet can still be improved by using specific model for angular momentum of quarks.
There have been several attempts [1, 2, 3, 4, 5, 6 ] to connect precise information from octet baryon magnetic moments [7] with nucleon spin structure obtained from the analysis of polarized deep inelastic scattering (DIS) experiments [8] and octet baryon β-decays. There is a striking similarity in description of magnetic moments and axial vector couplings in SU(3) symmetrical model. In this paper we will follow phenomenological approach of Ref. [1] . We modify Sehgal equations [9] for magnetic moments of baryons given in terms of linear independent products for u, d and s quarks of quark magnetic moments and corresponding quark densities by taking into account Σ 0 − Λ mixing. We also have an additional term (we believe connected with two quark interactions) giving contribution only to proton and neutron magnetic moments and to Σ 0 Λ transition, term introduced to satisfy Coleman-Glashow type sum rule for magnetic moments. With these phenomenological modifications we get very good fit to octet baryon magnetic moments using experimental values for errors. Unfortunately with 4 parameters used in the fit we can not determine all 6 quantities namely magnetic moments of quarks and quark densities (we get only some relations of them). However, magnetic moments of quarks are not directly measurable. Having angular momentum densities calculated from the magnetic moments it would be possible by comparing this densities with spin densities (calculated from β-decays and DIS) and neglecting orbital momentum densities to get antiquark sea polarizations. Unfortunately we can only get these quantities as a functions of introduced parameters ǫ and g. These new parameters are connected with the deviation of the ratio µ u /µ d from -2 and the difference of u and d quark densities. We get the new sum rule connecting antiquark sea contributions which do not depend on our parameters. We show how sea antiquark polarizations depend on these parameters. Assuming plausible values for these parameters suggested by SU(2) isospin symmetry and by not very conclusive experimental data we calculate antiquark sea contributions. It is possible still to improve our fit to magnetic moments by adding to modified Sehgal equations term connected with orbital angular momentum proportional to the charge of the baryon. This correction makes fit much better and only slightly modifies obtained results. Our phenomenological modifications of Sehgal equations are inspired by chiral quark model [10, 11, 12] with domination of pionic exchanges.
Let start with the formulas for magnetic moments of SU(3) octet baryons in terms of quark moments [1, 4, 9, 13] :
where the dots represent possible collective contributions, which will be specified later, µ q is a dipole magnetic moment of a quark q, whereas δq(B) stands for integrated angular momentum density (later called density) of q flavored quark in octet baryon B (except of quark spin contribution in principle orbital angular momentum contibution is also possible). The SU(3) flavor symmetry enables us to write such densities as functions of the ones in a proton, e.g.:
In the following equations we shall use short-hand notation for such densities in a proton δq(p) ≡ δq (q=u,d,s):
In the nonrelativistic quark model (NQM) with the SU(6) symmetric wave function one gets for spin densities:
Because we have postulated the SU(3) symmetry the formulas for magnetic moments can be written with 4 parameters only, instead of three moments µ u , µ d , µ s and three densities δu, δd and δs, namely:
The last parameter takes in NQM the value: r = 5/3. All magnetic moments in Eq.(5) have the same scalar (c 0 ) contribution, differ by a hypercharge (c 8 ) and isovector (c 3 ) terms, whereas within isospin multiplet differ only by a sign of an isovector contribution.
As far we have the experimental data [7] for seven magnetic moments and for one transition moment µ(Σ 0 → Λ) (see Table I ).
Because one has seven measured magnetic moments and only four parameters we can write in our model three sum rules. One is the isovector (of Coleman-Glashow type):
Left hand-side of this sume rule gives 4.22 ± 0.03 n.m, whereas the right hand-side 4.71 ± 0.00 n.m. It means that it is not possible to satisfy this sum rule with our formulas with independent quark contributions only as was already mentioned before [1, 3, 12, 14] . We can save this sum rule by adding an isovector contribution to nucleon moments (such contribution can arise e.g. when one considers nondiagonal pion exchange between quarks) and transition moment [1, 10, 11, 12] . Hence, we add a new contributions to formulas in Eq.(5) (dots represent the terms already written):
In principle for Σ 0 − Λ transition moment independent parameter could be introduced but we assume that it is the same V with a coefficent given by the SU(6) symmetrical wave function. Hence, µ(Σ 0 − Λ) can be predicted from our fit. The isoscalar sum rule (of Gell-Mann-Okubo type) reads:
Left hand-side of this sume rule gives −1.19 ± 0.02 n.m. whereas right handside −1.02 ± 0.01 n.m. However, it has been pointed out [10] that Σ 0 − Λ mixing should be taken into account if one considers octet baryon magnetic moments. Defining :
with tan α calculated from hyperon mass differences [10, 15] :
one gets (using the experimental numbers from Table I and Eq.(11)) for
Inserting this number in the left hand-side of an isoscalar formula we get −1.06 ± 0.04 n.m. for left hand-side which gives a good agreement of both sides of such sum rule. It is also possible to obtain parameter of Σ 0 − Λ mixing from magnetic moments of baryons [4] reducing however number of degrees of freedom. The third sum rule can be chosen as:
The right hand-side gives (1.89±0.02 n.m.) 2 , whereas the left (1.93±0.01 n.m.) 2 with a good agreement between them. The fact that sum rules for magnetic moments can not be satisfied with the expressions given by generalized Sehgal equations was pointed out by several authors [1, 3, 14] and hence, there was a problem in getting good fit to magnetic moments (artificial errors were introduced).
In our fit we use 6 measured magnetic moments of octet baryons and µ(Λ SU (3) ) from Eq. (12) The results for magnetic moments, as well as predictions for µ(Σ 0 ) and µ(Σ 0 → Λ):
are presented in Table I (model A) . If we use in our calculations NQM densities from Eq.(4) we get much worse fit with χ 2 /d.o.f. ≈ 338 and the same is true (χ 2 /d.o.f. ≈ 212) if we neglect isovector contribution (i.e., if we put V = 0). If we do not take into account Σ 0 − Λ mixing the resulting fit gives χ 2 /d.of. ≈ 27. In all fits the relaxation of the condition r = 5/3 gives (no matter if we have V = 0 or V = 0) for this parameter the values in a range 1.38-1.48 far from the value gotten from octet baryon β decays: 2.13 ± 0.10.
We have three magnetic moments of quarks and three densities and only four parameters, hence our results depend on two additional free parameters, e.g. ǫ and g defined as:
We choose parameter ǫ describing deviation from SU(2) symmetry for magnetic moments and an analog of g A for quark densities.
Using the function:
we can write formulas for our densities (which depend on ǫ and g) in simple form:
which became even simpler if we use SU(3) densities (i.e., scalar, hypercharge and isovector):
From the first line of Eq. (19) we see that the function f (ǫ) has an interpretation of the ratio 2δ 0 /δ 8 . The formulas for quark magnetic moments are:
One can see from Eqs. (18) and (20) that the differences of the quantities δq − δq ′ and µ q − µ q ′ do not depend on ǫ whereas the ratios of these quantities: δq/δq ′ and µ q /µ q ′ on parameter g. The quantities µ q δq are also scale independent, i.e. does not depend on parameter g. We have some predictions which do not depend on introduced parameters ǫ and g. First we can connect the ratios of quark magnetic moments:
Assuming that µ u /µ d = −2 (one gets this result e.g. taking Dirac magnetic moments for light quarks) we get µ s /µ d = 0.66 ± 0.01, the value which is consistent with the NQM result. This assumption corresponds to a choice ǫ = 0 (see Eq. (20)), which gives f (ǫ = 0) = 0.94 ± 0.04.
For the ratios of angular momentum densities we get:
For δs = 0 (NQM assumption) we get δu/δd = −6.1 ± 0.1, the number far from the naive result which is -4 (see Eq.(4)) and is gotten when one uses f (ǫ 0 ) = 2, i.e. when ǫ 0 = 0.093 ± 0.006. In this case we get for the ratio µ u /µ d = −1.83 ± 0.01. It is not clear what is the value of parameter ǫ. One can expect that because mass of the u quark is different from the d quark and/or that in some models mesonic corrections change the values of quark magnetic moments one would expect ǫ to be slightly different from zero. In principle it is possible to get information on the µ u /µ d ratio from other sources, e.g. from radiative vector meson decays but unfortunately experimental data and theoretical framework are not accurate enough. Not knowing the precise value of ǫ we will present the results for two values of this parameter, namely ǫ = 0 and as an example ǫ = ǫ 0 . However, the zeroth approximation could be the choice ǫ = 0 and η = 0. Now we will try to determine sea antiquark polarizations. If we neglect orbital momenta our angular momentum densities can be expressed by valence (∆q val ), sea quark (∆q sea ) and sea antiquark (∆q) contributions [1, 5, 13] :
The spin densities, used in DIS analysis, differ by a sign in an antiquark term: ∆q = ∆q val + ∆q sea + ∆q .
The quantities ∆q are usually expressed by the scalar, hypercharge and isovector axial charges:
In numerical calculations we use g A = 1.2695±0.0029 [7] , whereas we take a value of a 8 from our fit to the experimental data [7] on β decays of neutron and hyperons. We use the data for following β decays:
we use the sum of these quantities in order to get rid of eventual corrections from Σ 0 − Λ mixing), g A /g V (Σ − → n) and g A /g V (Ξ 0 → Σ + ). From such a fit, with very good χ 2 /d.o.f. = 0.27, we get: a 8 = 0.597 ± 0.029.
From Eqs.(24) and (25) we have:
Taking certain combinations of antiquark polarizations, in order to eliminate unknown parameters (g and ǫ), we can write a sum rule:
One can see that we can not have in our model all ∆q equal to zero (when <L q z > − <Lq z >= 0) because of the term on the right-hand side of Eq.(27) (which numerical value is 0.09 ± 0.01).
Let us introduce the new parameter η (instead of g) defined as:
which gives the difference ofū andd polarizations, i.e. η = ∆ū − ∆d. This quantity has been measured by the HERMES collaboration [16] in semiinclusive DIS. The result is ∆ H = 0.3 0.023 [∆ū(x) − ∆d(x)]dx = 0.05 ± 0.07 (an extrapolation to the whole x region, i.e. for 0 ≤ x ≤ 1 with vanishing ∆ H (x) at x = 0 and x = 1 gives η ≈ 0.1). The wide spectrum of theoretical models giving different values for η are presented in [17] .
There are different results, coming from fits to the experimental data, for the value of ∆Σ. They are in a range between 0.2 [18] and 0.4 or even 0.45 [19] . To take into account the spread of these values we assume ∆Σ = 0.3±0.1 (an artificial error represents our uncertainty of this quantity). Taking this value we get from Eq.(25): ∆u = 0.83 ± 0.03, ∆d = −0.44 ± 0.03, (29) ∆s = −0.10 ± 0.03.
Our antiquark polarizations ∆q depend on three variables: ǫ, η and ∆Σ. In Fig. 1-Fig. 3 we show this dependence with fixed ∆Σ = 0.3. In Fig. 1 we present ∆q for three flavors as a functions of both variables ǫ (in a range −0.1 ≤ ǫ ≤ 0.1) and η (−0.2 ≤ η ≤ 0.2). For comparison the plain corresponding to ∆q = 0 is also shown. The results for ∆q(η) for ǫ = 0 are given in Fig. 2 .
The changes of ∆Σ shifts the whole diagram parallel to ∆q axis. In the region −0.2 ≤ η ≤ 0.2 ∆d and ∆s change slowly with η and dependence of ∆ū on this variable is stronger. As is seen from Fig. 2 ∆ū and ∆s are not very much different from zero around η = 0.05 and ∆d is negative in order to satisfy the sum rule from Eq.(28).
The dependence of ∆q on ǫ is shown in Fig. 3 for ∆Σ = 0.3 and η = 0.05 (for η = 0 ∆d is identical with ∆ū). In the interesting region −0.1 ≤ ǫ ≤ 0.1 curves for ∆q are nearly parallel and for higher values the dependence on ǫ becomes stronger.
If we take ǫ = 0, η = ∆ H and ∆Σ = 0.3 ± 0.1 we can determine polarizations of sea antiquarks: ∆ū = −0.01 ± 0.05 , ∆d = −0.06 ± 0.03 , (30) ∆s = 0.02 ± 0.02 . For such values of the parameters ǫ and η we have for s quark and antiquark contribution to nucleon moments: µ s δs = 0.116 ± 0.004 n.m. . In the given formulas the possible errors connected with the value of ǫ are not included. Comparing quark densities calculated from magnetic moments with those given in Eq.(29) coming from DIS we see that with our choice of ǫ and η the main difference is for d antiquarks. The antiquark polarizations can not be identical for all flavors because of the sum rule given in Eq.(27), but the different choice of ǫ and η can give other antiquark polarizations than in Eq.(30).
For the another considered choice of parameter ǫ = ǫ 0 , i.e. such that gives δs = 0, we get the following values of an antiquark polarizations: (8)) improves an agreement with the experimental number.
If we include orbital moments in our analysis the Eq.(24) changes as follows (see e.g. [20] )
Our sum rule (Eq.(28)) is also changed
where
Hence, it is not possible to determine antiquark polarizations in nucleon without any knowledge about angular momenta of quarks. In the first part of this paper we have assumed <L q z > − <Lq z >= 0, now we shall try to get the results with a specific model for these angular momenta. There is a possibilty to improve our fit to magnetic moment by taking into account another phenomenological contribution similar to collective orbital momenta of Casu and Seghal [21] . It could be that in such model quarks and antiquarks rotate with orbital momentum L. Our formulas for magnetic moment get an additional contributions
The fit is excellent in this case an one gets χ 2 /d.o.f. = 0.06 and the parameters does not change very much in comparison with the previous fit c 0 = 0.042 ± 0.007 n.m. , c 3 = 1.037 ± 0.007 n.m. , c 8 = 0.179 ± 0.009 n.m. , (38) r = 1.465 ± 0.047 , V = 0.24 ± 0.02 n.m. , L = 0.08 ± 0.05 .
The resulting values for magnetic moments of octet baryons are presented in Table I ( Summarizing, we have modified generalized Sehgal equations for magnetic moments of baryons and we get the very good fit using experimental errors. With 4 free parameters in this fit we are not able to determine 6 quantities, namely 3 magnetic moments of quarks and 3 quark densities. We get sum rules for the ratios. Using information on deep inelastic scattering of polarized particles and β-decays and connecting quark densities from magnetic moments with those from spin asymmetries we can express antiquark densities as function of two parameters ǫ and η. We give antiquark polarizations calculated with the assumption that µ u /µ d = −2, i.e. ǫ = 0 and η = 0.05 (value given in results of Hermes experiment). Taking into account errors the results are not very conclusive but because of very weak dependence on the parameters it seems thatū ands are close to zero andd is small and negative. To improve the results additional information on quark magnetic moments and quark densities would be welcome. By taking very specific corrections connected with orbital angular momentum proportional to the charge of the baryon we can get nearly perfect description of baryon octet magnetic moments. These corrections are not big and do not change conclusions from the first part of the paper.
